Nitrate simultaneously induced NADH-and NADPH-nitrate reductase activities in rice seedlings. Chloramphenicol, other organic nitro-compounds such as o-nitroaniline and 2, 4-dinitrophenol and nitrite also induced nitrate reductase in rice seedlings. The nitrate-or nitrite-induced nitrate reductase could accept electrons more efficiently from NADH than NADPH. However, when this enzyme was induced by organic nitro-compounds, it could accept electrons more efficiently from NADPH than NADH. refrigerated centrifuge. The incubation mixtures containing 1 ml of crude enzyme extract, 2.5 ml of 70 mm phosphate buffer, pH 7.4, 0.5 ml of 0.1 M KNOI, and 0.5 ,umole of NADH or NADPH in 1.0 ml of solution were incubated at 29 C for 20 min to 1 hr, depending on enzymic activity. Enzymic activity was shown as NO2-formed during the incubation period. Three to four replications were used in induction experiments, and two replications were used in the enzymic studies.
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RESULTS
Nitrate reductase of most higher plant species requires NADH as an electron donor. Evans and Nason (2) showed that NR1 of soybean leaves was equally active with NADH or NADPH. Beevers et al. (1) reported that NR from soybean leaves, when extracted in the presence of cysteine, was twice as active with NADH as with NADPH. These authors suggested that NR of a plant was a single enzyme which could accept electrons from different cofactors. Schrader et al. (4) proposed that NR of higher plants had the ability of using either NADH or FMNH2 as cofactors. Electrons of NADPH could be transferred to FMN by NADP-reductase. This report presents evidence that NADH-and NADPH-NR activities were induced in rice seedlings by NO;-, NO2-and organic compounds containing the nitro-group in the molecules such as chloramphenicol, o-nitroaniline, and 2, 4-dinitrophenol.
MATERIALS AND METHODS Plant Materials. Rice (Oryza sativa L. var. IR8) seeds were used in these experiments. Seedlings originating from excised embryos were grown aseptically in nutrient solutions as described in a previous paper (5) . The cultures were placed on a rotary shaker under continuous white fluorescent light at an intensity of 0.75 X 104 ergs/cm2-sec at the flask level at 28.5 ± 1 C in a growth chamber. Three and one-half-day-old seedlings, grown in a complete medium containing 2 mm NH4, as a nitrogen source (NH4-medium), were used for induction experiments. For enzymic studies, NR was extracted from 6-day-old aseptic cultures which were grown in an NH4-medium and had been induced with NO;-for 4 hr.
Extraction of NR and Enzymatic Assay. The same methods as indicated in a previous work (5) were used, except that the tissue homogenate was centrifuged at 20000g for 15 min in a 'Abbreviation: NR: nitrate reductase. Figure 1 shows that, during the time of induction, NADH-NR activity increased rapidly during the first 4 hr. It continued to increase at a slower rate in the rest period of the experiment. Data from other experiments showed that NADH-NR activity reached a plateau at 18 to 20 hr after induction started under same conditions (in NH,-medium). The induction of NADPH-NR activity was of a different type. The NADPH-NR activity reached its highest value within 1 hr of induction, and no further change in its activity was observed during the next 17 hr. Figure 2 shows that nitrate reductase of rice could accept electrons from both NADH and NADPH. The enzyme was saturated with respect to NADH and NADPH at 100 tM and 50 ptM, respectively. The effects of NADH and NADPH on the activity of nitrate reductase of rice were additive when both coenzymes were present at subsaturating concentrations. Concentrations greater than 0.2 mm coenzyme in the assay mixture caused a sharp decrease in the rate of nitrate reduction. The presence of both coenzymes at high concentration caused a drastic decrease in the reaction rate (Fig. 2B) . However, both NADH and NADPH at high concentration interfered with the color formation in nitrite determination (Table I). It was impossible to tell whether the additive effect of these pyridine nucleotides on inhibiting nitrate reduction existed or not when they were present at saturating concentration.
Nitrate reductase of rice was saturated with respect to nitrate (NO3-) at about 5 mm when either NADH or NADPH was used as hydrogen donor. Double reciprocal plots of reaction rate and substrate concentration at fixed coenzyme concentration (0.1 mM) are shown as Figure 3 . The Km for NADH-and NADPH-enzyme complex were 1.11 mm and 0.43 mm, respectively. The NADH-and NADPH-NR activity had the same optimum pH at 7.4 (Fig. 4) . The enzymic activity in tris-HCl buffer was lower than in phosphate buffer solution. Further work on the effect of chloramphenicol on the induction of NR in rice seedlings was done by studying the time course of NR formation when induced in the presence of 2 mg/ml chloramphenicol in the medium. Figure 5 shows that both NADH-NR and NADPH-NR activity were induced by chloramphenicol alone. This antibiotic, however, had much more effect on the induction of NADPH-NR activity than on the NADH-NR activity. Nitrate induced a further increase in NR activities in the presence of chloramphenicol. Table III shows that two other organic nitro-compounds, i.e., o-nitroaniline and 2,4-dinitrophenol and NO2-also induced NR activities in rice seedlings in the absence of NO3-. Nitro blue tetrazolium at 2 mm was highly toxic to plant tissues, which turned partly black during the treatment. When NO3-and NO,-imide and puromycin. The slight decrease in NADPH-NR activity in the material treated with actinomycin D was rather insignificant (Table II) . Chloramphenicol, on the other hand, Plant Physiol. Vol. 49, 1972 Plant Physiol. Vol. 49, 1972 were used for induction, the induced NADH-NR activities were higher than that of NADPH-NR. The NR induced by organic nitro-compounds could utilize more efficiently NADPH as a hydrogen donor than NADH.
DISCUSSION
The NADPH-NR activity induced by NO;-was always lower than the induced NADH-NR activity in the same tissue. The ratio of these enzymic activities varies with the induction time and cultural conditions such as the presence or absence of NH4+ or NO;-(unpublished data).
Nitrite reductase activity in the crude enzyme extracts of 4-day-old seedlings grown in an aseptic complete medium containing 2 mm NO3-and seedlings treated with NO;-for 12 hr in an NH4-medium was respectively only 67.5 and 77.5 nmoles NOa2 reduced/g fresh wt hr, when they were incubated with NO2-and NADPH at pH 7.0. The induction curve of NADPH-NR activity in Figure 1 does not suggest the formation of a NR specific for NADPH as a cofactor in rice tissue. Considering the induction of the NADH-and NADPH-NR activities (Fig. 1) , the pH optimum of these enzymic activities (Fig. 3) The unusual and profound effect of chloramphenicol on the induction of NR activities in rice seedlings (Table II (3) proposed that RNA and protein synthesis which was associated with NR induction in radish cotyledons might be required for the synthesis of an effector necessary for NR activity. Sims et al. (6) reported that Lemna minor exhibited a 20-fold increase in NADPH-specific nitrate reductase when sucrose was added to the culture medium. In the latter case, an alteration of the enzymic system for electron transfer in NO:-reduction might be a result of metabolic changes caused by the added sucrose. The induction of NADPH-NR activity in rice seedlings (Fig. 1) 
